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. ABSTRACT

FITLE: “"United States Air Force Ground Launched Cruise Missiles:

A Study in Technology, Concepts and Deterrence"”
AUTHOR: Randall L. Lanning, Lieutenant Colonel, USAF

Although generally neglected by historians, USAF Ground
Launched Cruise Missiles (GLCM) have made important contributions
to US national security. The paper begins with a brief description
of the German V-1, the first true operational GLCM. The balance
of the paper traces the lineage of the three tactical, theater-
based GLCMs that served with the US Air Force: The Martin TM-61
"Matador," the Martin TM-76 "Mace," and the General Dynamics BGM-109G
"Gryphon." Areas for a comparison and contrast assessment of
these systems include the strategic setting, technological
description (missile and support equipment), concepts of operation,
operational history, phase out, and contributions to deterrence.
Appendices, maps, figures, and photographs support the main body.
The paper concludes that the first two systems (TM-61 and TM-76)
possessed neither the technological sophistication nor souna concept
of operations to make them truly effective weapons. Both
deficiencies were rectified in the BGM-109G system. However,
with conclusion of the Intermediate Range Nuclear Forces Treaty
in December, 1987, this class of missiles will probably never
be deployed again. Arms control initiatives removed them just
when technology and sound operating concepts enabled the GLCM

to be a potent deterrent.
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UNITED STATES AIR FORCE GROUND LAUNCHED CRUISE MISSILES:

A STUDY IN TECHNCLOGY, CONCEPTS, AND DETERRENCE

Introduction

Science fiction writers in the early 20th Century must
re been infatuated with the idea of unmanned airborne "robot"
ibers that could fly to distant targets and rain a devastating
:load upon helpless populations. The Second World War saw this
1cept become reality, albeit in rudimentary form. Today, when
: average citizen thinks about unmanned delivery systems, the
lLlistic missile comes to mind first. But the winged, air breathing
1ise missile, which preceded ballistic missiles, has made both
hnological and deterrent contributions to US security. Even
» cruise missiles have generally been neglected by historianms.

Overview

The purpose of this paper is to trace the lineage of three
tactical, theater-based Ground Launched Cruise Missiles (GLCM):
2 Martin TM-61 "Matador," the Martin TM-76 "Mace," and the General
1amics BGM-109G "Gryphon." Following a prologue introduction
the first operational GLCM, the German V-1, each system will
discussed in terms of the strategic setting, technology, concept
operations, operational history, phase out, and contributions
deterrence. This study will show that technology and operating
1cepts were unable to blend effectively in the two earlier systems.
:hough the BGM-109G integrated high technology and sound operating
1cepts, the Intermediate Range Nuclear Force (INF) Treaty (signed
Jecember, 1987) eliminated this class of missiles. Conclusions

this work will provide a detailed contrast and comparison.




- . PROLOGUE

The Legacy of the V-1

The German V-1 was the first "guided" (by gyro autopilot)
ile to be used in large numbers, and will be remembered as
of the most destructive and unique weapon systems in history.
t flown in December, 1942, it was known by several designations
41). Technically, it was known as the Feisler Fi-103, but

most common terms were V-1 (V for Vergeltungswaffe or vengeance

on), and simply "Buzz Bomb" and "Doodlebug." Regardless of
gnation, the V-1 caused far more damage than its well known
er, the V-2 ballistic missile.

The V-1 was essentially an unmanned aircraft (17 foot wing
. and 26 foot length), powered by an Argus 109-014 pulsejet
ne. It carried a 1,876 pound (1lb) warhead nearly 150 miles
. speed of 400 miles per hour (mph) (11:46). Since the pulsejet
ne needed a minimum speed of 200 mph to engage, launch was
:cted using a 180 foot ramp and catapult to rapidly gain speed.
ddition, 1600 were air launched by HE-111lH mother aircraft
urther extend the range. Regardless of launch mode, after
iiles of flight, a small propeller in the nose armed the warhead.
andard gyro autopilot was used as guidance, and terminal dive
initiated Ly fuel starvation. Londoners therefore knew that
ong as they heard the distinctive pulsejet, they were safe.

.Of the nearly 30,000 V-1ls produced, Flak Regiment 155 launched

92 against London. A total of 2,419 actually hit the city,
ing 6,184 people and injuring another 17,981 (33:60). Later

he war, continental targets were also hit, with 7,400 V-1s




ted against Antwerp, Netherlands and Liege, Belgium (33:60).
The British used a four-tiered defense system against the
The first line of defense was bombing the launch sites (88
rmed sites by December, 1943) and the factories where the
were built. Roughly 67% of those V-ls actually launched
downed by the remaining defenses. Allied fighters were used
tercept the V-l1ls, but due to the missile's speed, few were
enough to catch it. The British Supermarine "Spitfire" XIV,
r "Tempest" V, and DeHavilland "Mosquito" together with the
can P-51 "Mustang" were the prime interceptors. The Gloster
or" I, Britain's first operational jet, was also used on
ntercept missions. Gunfire was often used, but the jet exhaust
the V-1 could cause damage to the interceptor. An alternate
d was to ease up along side the V-1, slipping a wing under
issile's wing, and flipping it over to throw off the gyro
ilot. This method, though unconventional, was less dangerous,
equired more flying skill. The last two lines of defense
antiaircraft guns and barrage balloons. However, neither
as effective as bombing and aerial interception.
Following the war, both the US Army Air Corps/Air Force
avy experimented with the V-1 under the designations JB-2
Loon" respectively. The Navy saw potential for launching
missiles from submarines, and 64 such tests were conducted
3). A total of 1,385 JB-2/"Loons" were delivered, but interests
re advanced cruise missiles ("Matador" and "Regulus"
ctively) by both Services precluded widescale procurement

eployment.




i@ Missile Lessons Learned from the V-1 Program

The V-1 proved that the cruise missile could be a useful,
effective weapon. An Allied study after World War II concluded
/-1 production/operating cost-to-inflicted damage ratio in
’llars was 1:3 (33:61). The system had some distinct, inherent
itages. It was a relatively inexpensive weapon that did not
.re use of strategic materials and could be used in mass.
1S a true "pilot saver" that could be launched in all tygcs
:ather, day or night. Once airborne, the missile was difficult
>ot and attack because of its relatively small size, high
i, and low altitude flight path. The V-1 also had few parts
were critically vulnerable to attack.

Like all weapon systems, the V-1 also had some distinct
tations. For the most part, it was launched from fixed (and
efore vulnerable) launch sites. Unlike the V-2, V-1 ground
chers were never mobile, or even movable. Once aloft, the
ile flew a predictable flight path with a constant course
speed. Knowing this, the Allies could effectively plan
rdingly. Finally, the missile had extremely poor accuracy,

1 severely limited its effectiveness as a precision bombardment
>n. Its primary impact therefore was one psychological warfare
terror). A parallel can be drawn between the V-1 in World

[I and the Iragi "Scud-B" during Operation DESERT STORM in
regard.

After the war, further work on cruise missiles was curtailed
three primary reasons. First, because of Allied defenses

ast the V-1, postwar opinion regarding cruise missiles tended




to downplay their effectiveness. It was assessed that these early
cruise missiles were too vulnerable to countermeasures. Second,
with rapid demobilization after the Second World War, funding

was not readily available for in-depth development. The Martin
"Matador" discussed in Chapter 2, was one of the few cruise missile
" systems to escape cancellation during the postwar period.

Finally, with the Air Force's proud tradition of manned
aircraft, there was probably an understandable resistance by senior
Air Force leaders to deploy a pilotless or remote control weapon.
From the earliest days of combat aviation, there has been a
justifiable reliance on "the man in the cockpit."” While the cruise
missile offers the military planner flexibility and many other
advantages, its use and cost have been a concern of Air Force
leaders because it removes the human element from immediate combat.

In summary, the V-1 proved to be a remarkable technical
achievement. The balance sheet showed that it was a cost effective
weapon for the Germans; it had to be in the later war years.

It was advanced technically, economically, and tactically. This
assessment set the stage for development of the Air Force's first

surface-to-surface guided missile, the Martin TM-61 "Matador."




. CHAPTER I
THE STRATEGIC SETTING

At the end of the Second World War, the common ties that
held the Grand Alliance together dissipated rapidly. The Soviet
Union under Josef Stalin remained fearful of foreign invasion
- and came to depend on the Eastern European buffer to ensure their
national security. While working with Stalin was acceptable
to President Roosevelt during the war years, President Truman
viewed Soviet adventures in Eastern Europe as attempts to expand
Communism. In 1947, when Communist inroads appeared likely in
Greece and Turkey, the President established the Truman Doctrine.
This policy stated that the United States would support any
non-Communist government attempting to resist subjugation by
the Soviets. Relations between the US and USSR were further
distanced when the Soviets declined assistance under the Marshal
Plan of 1948. The Berlin blockade and formation of NATO in 1948
and 1949 respectively lead to further entrenchment on both sides.
When Mao Tse Tung seized power in China in 1949 and North Korea
attacked the South in 1950, President Truman's "Containment"
strategy was expanded to the global realm. Throughout this period
(1945-1953), the United States had a virtual monopoly on atomic
weapons, although we did not have many of them. The first Soviet
atomic bomb was exploded in 1949. President Truman's strategy
of "Containment" restored the balance of power in Europe and
set the tone for future relations between the US and Soviet Union.

When President Eisenhower assumed office in 1953, he realized

that containing Communism would be a very expensive venture over




the "long haul." Given that. the US had clear nuclear superiority,
then Secretary of State John Foster Dulles announced the nuclear
strategy called "Massive Retaliation" in January, 1954. This
policy stated that the United States would retaliate at times
and places, and with means of our own choosing. "Massive
Retaliation" exemplified "brinkmanship," in that the Soviets
would have to carefully calculate how aggressive they could be
without bringing a massive nuclear strike down upon themselves.
It also took the initiative away from the Soviets, an advantage
they had enjoyed under the previous "Containment" strategy.
US military response to Soviet aggression would no longer
necessarily be limited to the immediate conflict area.
Concurrently, President Eisenhower advocated five major
tenants of his "New Look" umbrella defense strategy, which embraced
"Massive Retaliation:"

The United States would never start a war.

US military forces would be used to deter conflict.

Modern (nuclear) weapons would be employed.

Alliances would be an integral part of US defense strategy.

US national security depended on both military and economic
capability.

It is interesting to note that these five concepts have essentially
endured to this day. President Eisenhower's last point on economic
capability was key. He planned to use overwhelming US nuclear
superiority as a less expensive alternative deterrent to
conventional forces. These non-nuclear forces would continue

to play a "tripwire" role overseas to signal Soviet aggression.




Clearly, nuclear superiority from 1953 to 1961 allowed "Massive
Retaliation" to succeed. Even so, "Flexible Retaliation" may

have been a more appropriate term, because there were few scenarios
(attack on the US or Western Europe) where the US would have
massively retaliated. Although the US was comfortably secure

‘in its nuclear superiority during this period, the launch of

the world's first artificial satellite, Sputnik, by the Soviets

in October, 1957, contributed to fears of a possible missile

and bomber gap. We know now this was only a perceived threat.

By 1954, the Korean War was over and the Soviets had tested
their first thermonuclear bomb. Although the surface-to-surface
missile (SSM) was not used in Korea, great interest remained
in targeting Soviet and Chinese military forces, rather than
cities (counterforce rather than countervalue targeting). Defense
planners recommended development of an entire family of missiles
to support these objectives in the immediate postwar period.
Examples include the Army's "Redstone", the Navy's "Regulus I
and II," and the Air Force's "Snark" and "Matador” (4:27). These
missiles together with a modern bomber force offered diverse
capabilities for US planners against enemy theater forces, as
well as their industrial bases. Even so, the missile had not
been fully accepted into strategic force planning due to the
new technology involved and the varied opinions of V-1 effectiveness

during the Second World War.




. CHAPTER 11
THE MARTIN TM-61 “MATADOR"

Development

Although funds were limited after World War Two, the success
achieved by the Germans with their V-1 spurred similar cruise
- missile development in the United States. As noted above, the
American versions of the V-1 (JB~2 and "Loon") lead directly to
development of the first US-designed cruise missiles, the Navy's
"Regulus I" and the Air Force's "Matador." The Army was essentially
uninvolved with these types of programs due to a ruling issued
by Secretary of Defense Charles F. Wilson on 26 Nov 56. His guidance
stated that Army weapons used for tactical support would be limited
to a range of 200 miles (23:112).

In 1946, the Glenn L. Martin Company was awarded $1.8 million
to begin development on what was then known as the SSM (presumably
for surface-to-surface missile) (7:1850). With this contract,
the Air Force expressed a need for unmanned "pilotless bombers"
to supplement conventional aircraft. Planners saw cruise missiles
as an effective means to deliver a heavy offensive load at reasonable
cost, since the vehicle could be built for a one way trip, and
avoid designs that needed to accommodate landing stress (17:205).
The Air Force requirement called for a "pilotless bomber" with
a range between 175 and 200 miles at speeds in the 600 miles per
hour (mph) range (33:108). The missile was to be ground launched,
although air delivery was studied. The first XSSM flight occurred
on 19 Jan 49. Concurrently with 10 dynamically similar models,

Martin built 15 XSSM experimental missiles from readily available




components, modified as necessary to get a missile into the air

as quickly as possible. The aerodynamic shape of the missile

was, in fact, similar to that of the Martin XB-51, a three-engined,
two-place bomber that never entered production (8:300). Testing

of these XSSM's continued at Holloman AFB, New Mexico, throughout
1949 and 1950. During design and test flights, the XSSM program
survived several defense cuts, until the outbreak of the Korean
conflict in June, 1950. Experiences during the Korean conflict
emphasized the need for a tactical cruise missile for bombardment

at medium and long ranges, and SSM development proceeded with

top priority. During this time, another key element that made

the SSM attractive to the Air Force was Martin's zero-length launcher
(ZEL). The ZEL allowed launch from a towed trailer using a rocket
assisted take off (RATO) booster, eliminating the need for the

long catapult rails associated with ground launch of the V-1l.

This ZEL, sustainer engine, and RATO combination accelerated the

SSM from 0 to 200 mph in less than two seconds, allowing for takeoff
in a very short distance (14:5).

The SSM evolved into the B-61 (the "B" designation retained
due to its role as a pilotless bomber) to become the first
operational US surface-to-surface missile, with deployments beginning
in March, 1954 in Germany. It was the first cruise missile since
the V-1 to enter service.

Technical Description

Designations

The "Matador" went through several designations throughout

its operational life. As noted above, it was known as the XSSM,

- 10 -




and then the SSM during testing. Upon initial deployment, it

was known as the B-61 until June, 1955 when it was redesignated
TM-61 (Tactical Missile). The TM-61 was developed in three versions,
models A, B, and C. The TM-61lA and C remained "Matador" and are
discussed below in this chapter. The TM-61B was such a dramatic
departure from the TM-61A, that it was given an entirely new
designation, the TM-76 "Mace," discussed in the next chapter.

In 1963, the "Matador" was again redesignated as MGM-1, though

by that time it was completely phased out of operational service.

The TM-6lA Missile

Appendix A contains the specification for the TM-61 missile.
Figure and Photograph 1 provide illustrations. The SSM closely
resembled the TM-61; the major difference was in wing location.
The SSM had a mid-body wing, while the TM-61 featured a shoulder-
mounted wing.

The TM-61 was in the truest sense of the word a pilotless
airplane. Composed of all-metal sandwich construction, its airframe
was designed for one flight, and therefore more lightly stressed
than a manned aircraft. The inner layer was light alloy with
a honeycomb metal foil filler under a thick metal outer skin,
bonded together with a thermo-setting resin (8:302). The wings,
fin, and tailplane were solid except for control runs and a flux-
gate compass in the port wingtip.

The TM-61 series had the capability to carry either a
conventional or nuclear warhead. The nuclear warhead used was
the Mark 5, America‘'s first lightweight nuclear weapon. 1Its

fissionable material was kept separate from the weapon in a capsule,

- 11 -




and inserted before launch. .Providing a yield of 40 to 50 kilotons,
its nuclear punch was not a significant improvement over the bombs
iropped on Japan at the close of World War II (10:82). An airburst
weapon only, it was designed for high altitude internal carriage,
and most effective against soft targets. Other carriers of this
weapon included the B-29, B-36, B-45, B-47, B-50, B-52, and "Regulus
I" cruise missile.

The sustainer powerplant was the Allison J-33 A-37 centrifugal
turbojet engine, the same used for both the P-80 and T-33. Although
rather unspectacular in performance, it was very reliable. This
was a "short life" version of the engine, designed for only 10
hours of operation (33:109).

The RATO booster weighed 2000 1lbs, 700 of which was picric
nitrate solid rocket fuel. Upon ignition, the RATO unit produced
up to 57,000 1lbs of thrust for 2.3 seconds, rapidly accelerating
the missile to a speed of 200 mph (8:303). The booster was attached
only by a screw jack on the launcher and forward facing open hooks
on the missile. It was held in place by thrust, and when the
booster burnt out, it simply fell off.

Upon launch, the ground controller had to take control
of the missile immediately after booster separation. At this
time, the missile automatically transitioned to level flight
at booster separation. Its flight path included four phases:
launch, climb, cruise, and terminal dive to burst altitude (28:1),
under continual ground radio control.

The guidance used in the TM-6lA employed technology derived

from World War II and Korea all weather bombing systems used to
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direct fighter-bomber strikes on enemy targets at night or in
overcast conditions. It was a manually controlled ground radio
command guidance system known as MARC (Manual Airborne Radio
Control). It used an AN/MSQ-1 mobile ground radar set and an
AN/APW-11A airborne radar assembly (12:129). This system was
line-of-sight only, and required ground based radio operators

to be posted on remote mountain tops between the missile launch
point and the target. For German-based units, the 60lst Tactical
Control Wing performed this function. These operators were really
remote pilots, who acquired the TM-61A immediately after launch
and guided it to the assigned target. Remote commands included
course changes, warhead arming, and terminal dive. These commands
were manually "beeped" to the autopilot and warhead using the
APW-11 transponder in the missile. Because this guidance was
line-of-sight, it had inherent drawbacks. It limited the range

to approximately 200 miles, even though the fuel capacity permitted
a longer flight (up to 650 miles). It also had an increased
vulnerability to air interception and was subject to jamming.

The ground radio direction sites were themselves vulnerable to
attack and destruction (14:6). Figure 2 illustrates the MARC
concept.

The TM-61C Missile

For all practical purposes, the TM-61A and TM-61C were
externally identical. Internally, the only major difference was
the guidance system used. As noted above, the MARC system had
limitations. These were partially rectified by the SHANICLE (Short

Range Navigation Vehicle) system introduced in the TM-61C. This

- 13 -




stem, similar to LORAN, employed four ground based transmitters
beacons to create a hyperbolic grid - two (master and slave)
ntrolling the range, and two for azimuth - along which the missile
uld fly (10:145). A hyperbolic grid system involves the creation

a grid pattern of radio waves by the four radio transmitters,
ch located in a different location. Unlike radar which is limited
» line-of-site, a radio grid may be broadcast for several hundred
.les. The missile could be programmed in advance to follow a
wrtain sequence of augmented and diminished radio impulses directly
) the target without the necessity for manual control by a human
>erator, as required by MSQ (30:1-1-18). Figure 3 illustrates
1is concept. SHANICLE in the TM-61C afforded both greater range
1d less vulnerability to jamming. The line-of-sight requirement
1S gone, and controllers could guide more than one missile at

time. The TM-61C could be guided by either the SHANICLE or
ARC systems, and with the latter, achieved a true all weather
apability (20:108).
As the most advanced version of the "Matador," the TM-61C

1s assessed to have the following reliability figures (15:1):
aunch: 95%, In Flight: 75%, Overall: 71%, Circular Error Probable
EP): 2700 feet. CEP is the radius of a circle, with the target

5 center, in which at least 50% of warheads launched will impact.

ipport Equipment

A total of 28 vehicles of various types were required to
ipport the TM-61 system (33:112). Equipment included the launcher,
ransporter, special purpose check out and targeting equipment,

:mote guidance and tracking equipment, and ground handling and
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'vicing equipment (28:1).

The ZEL (Photograph 2) was the most important piece of
yport equipment. This launcher allowed the TM-61 to become
‘borne without any takeoff run. It held the missile at three
.nts and elevated it to 17 degrees in preparation for launch.
carried its own motor generator, blower, hydraulic pump, and
ig racks, and was pulled by a standard Army 5 ton prime mover.
preparation for launch, it was steadied by three hydraulic
ks. Although the concept of operations called for the use
a separate transporter (which also served as assembly rig),
> ZEL could be used as a transporter in an emergency (34:15).
is need for a separate transporter and launcher highlighted
» potential benefit of combining the two. A Coles 20 ton, 39
>t mobile crane was used to move missile components from the
ansporter to the launcher (34:15).

Of note, the TM-61 was the first Air Force weapons system
have its own supply depot deployed overseas. This eventually
came a detachment of the Warner Robins Air Materiel Area at
:burg AB, using contracted civilian workers (26:20).

Concept of Operations

Although described as a mobile missile system, the TM-61
/ be better described as "movable" due to the extensive amount
support equipment required. Even so, all equipment needed
r launching the TM-61 was on wheels and operations could be
1ducted from an area with pierced steel planking in "a corner
a farmer's field" (5:21). Therefore perhaps the the best term

describe "Matador's" concept of operations is "extremely limited
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persal."”

Prior to dispersal, TM-61 components were tested and the
'ine was run up. Missile components were stored on their
nsporters fully fueled and combat ready except for the nose
e, wings, and RATO unit (8:303).
In advanced states of readiness, the missile and its support
ts would deploy to the field. Each flight would deploy five
es equidistant from the main base and each other (12:152).
oute, the missile was carried in four parts: fuselage, wings,
'head, and booster (10:145). Upon arrival at the launch site,
took ten men 90 minutes to prepare the missile for takeoff.
reakdown of these tasks may be found at Appendix B. Photographs
nd 4 illustrate this work in progress.
Each TM-61 squadron had three flights. There were 100
icles per squadron, fifty of which were powered. Therefore
t of the 169 men assigned were drivers of some sort. Three
s vans accompanied the convoy, providing rations for up to
days of dispersed operations. Each squadron had six ZEL
nchers, and was capable of launching 20 missiles in a 9 hour
(12:31). By 1958, this number had increased to eight launchers
squadron, with six on nuclear alert in each squadron (20:107).
For testing and training, the missiles were never fired
m their operational sites, but countdowns were practiced regularly
include assembly, testing, and engine start. The RATO unit
never fired. However, European theater operational test launches
e conducted from an Air Force site 17 miles east of Wheelus

Libya, which extended far into the Libyan Desert.
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To give ground controllers practice at operational units,
cially instrumented T-33s would overfly the s